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Lancefield (1)  established  as a  distinct  serological group (Group D)  certain 
strains of streptococci isolated from cheese. It was later found that most of the 
intestinal  streptococci  of  man  and  domesticated  animals  belonged  to  this 
group within  which Lancefield recognized 3  serological "types"  (2).  She con- 
sidered both group- and type-specific substances probably to be carbohydrates 
but  there  have  since been  contradictory reports  as  to  their  chemical nature. 
The  remits  reported  here  substantiate  Lancefield's  findings.  In  addition, 
evidence will be presented to show that in her original types as well as in others 
subsequently  described,  the  type-specific  carbohydrates  are  located  in  the 
bacterial  cell wall where they are the structural  and chemical counterparts  of 
the  group-specific  substances  in  streptococci  of  Groups  A  (3,  4),  C,  E,  and 
G  (5). The group substance of Group D  streptococci, on the other hand, seems 
to  have  no  counterpart  among  streptococcal  cellular  components  hitherto 
described but is probably of a  dextran-like character and situated wholly or in 
part at the surface of the bacterial cell. 
Materials and Methods 
Streptococcal Strains.--Cultures  of 3  "type"  strains  of Group  D  streptococci  (D76, C1, 
and C3) were obtained  from Dr. R. C. Lancefield. Strain  C3 was identified as Streptococcus 
durans and the others as Streptococcus  faecalis. Strain D10, also identified as S. faecalis, was 
isolated from a case of bovine endocarditis  (6, 7). 
Preparation of Cell Walls.--Following  the method  of Salton and Home (8)  an aqueous 
suspension of streptococci was disrupted by shaking with glass beads (Ballotini No. 13) in a 
Mickle  disintegrator.  Differential  centrifugation  eliminated  most of the undisrupted  cells 
and fine particles. 
Preparation of Cell Wall Carbohydrates.--The soluble carbohydrate  was obtained from cell 
wall preparations  by treatment with lysozyme or with Streptomyces albus enzymes kindly 
provided  by Dr. Madyn McCarty. After overnight  digestion at 37°C. of the concentrated 
cell wall suspension with crystalline lysozyme (Worthington) x in a concentration  of 1.0 nag. 
per mL, normal NaOH was added  dropwise until  lysis occurred  (9,  10). Purification of the 
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carbohydrate  was carried out by the method described by McCarty for Group A  cell wall 
carbohydrates (4). 
Analytical Methods.--Hexosamine  was estimated quantitatively by a  modification of the 
Elson and Morgan procedure (11) after hydrolysis with 4 N HCI at 100°C. for 6 hours in sealed 
ampoules.  Glucose and  methylpentose were determined without prior hydrolysis using the 
cysteine-sulfuric acid method of Dische and Shetfles (12). Glucose was measured by absorption 
at 410  mtz after 3 minutes at  100°C.,  rhamnose by the difference in absorption at 396  and 
430 m/z after 10 minutes at 100°C. Known amounts of glucose and rhamnose for comparison 
were included in all tests.  Monosaccharide components  of  the  hydrolyzed  carbohydrates 
were identified by paper chromatography with the following solvents: butanol, glacial acetic 
acid, water (6:1: 2); butanol, pyridine, water (3: 2:1.5); and phenol-ammonia. The spraying 
agents were the ammonia-silver nitrate, aniline hydrogen phthalate, aniline phosphoric acid, 
and hexosamlne reagents described by Partridge (13). The presence of glucose in acid hydroly- 
sates was confirmed by the glucose oxldas~  a reaction (14). 
Preparation of Precipitating Antiserum in Rabbits.--Rabbits  were immunized with formalin- 
killed streptococci (15). Two per cent of formalin was incorporated in the vaccines which were 
diluted  1:20 before use.  Doses equivalent to  1 or 2  ml. of the original broth culture were 
injected intravenously on $ successive days in 2 successive weeks and, if necessary, a second 
series of injections was given starting 7 days later. There was no means of predicting whether 
type or group-specific  antibodies would predominate in the immune serum. 
Previpitin Tests.--These  were carried out using the capillary technique (16). 
EXPERIMENTAL 
Serological Reactivity of Cell Wall  Components of Group D  Streptococci.-- 
Cell wall preparations from 4 different serological  types of Group D streptococci were made 
and extracts  prepared by lysing the cell walls with lysozyme (17)  or with lyric enzymes of 
S. a/bus as described under Materials and Methods. Each extract was divided into 2 fractions 
by ethanol precipitation  (2.5  volumes): fraction  1 contained  the ethanol-insoluble material 
redissolved  in water;  fraction  2,  the  ethanol-soluble  material precipitated  with acetone  (5 
volumes) and redissolved in water. Both fractions were tested by precipitation reactions with 
serum from rabbits hyperimmunized with Group D  streptococci of homologous and heterolo- 
gous  type. 
The results of the precipitin tests are shown in Table I.  Contrary to what 
had  been  expected  from  analogy  with  Group  A  streptococci  (the  cell  wall 
carbohydrate of which is serologically group-specific),  it can be seen that the 
cell walls of all 4 strains of Group D  streptococci contained material that was 
type-specific. No other serologically active material was detected in significant 
amounts in the cell wall extracts from Strains C1 and C3. In Strains D10 and 
D76  fraction  2  was  type-specific  but fraction  1  reacted  also  with  serum  of 
heterologous  type.  The  sera,  D10  and  D76,  in  which  these  cross-reactions 
occurred contained group as well as type-specific antibody, and it is probable 
that the cell wall preparations from which these extracts were made contained 
a  small  residue  of intact cocci  the lysis of which  contaminated  the cell  wall 
extract with group-specific material. 
In carrying out  the glucose oxldase  reaction use was made of "clinlstlx"  reagent strips 
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Characterization of the Cell Wall Type-Specific  Substances.--In extracting the 
type-specific substance  from  cell  wails  of  Group  D  streptococci  the  same 
procedures  had  been followed as  were used by McCarty  in  extracting  the 
group-specific  polysaccharide from cell walls of Group A streptococci (4).  It 
therefore seemed possible that the Group D type-specific substance also was a 
polysaccharide, and this possibility was investigated further. 
Acid hydrolysates of the type-specific fre ctions (fraction 2) obtained from 4 
different ceil wail preparations were analyzed by paper chromatography  (see 
Materials and Methods). A quantitative determination of the hexosamine and 
TABLE I 
Precipitation Reactions of Cell Wall Extracts from 4 Serological Types of Group D Streptococci 
Precipitin reactions with rabbit antisera prepared with group D  Cell wall extracts  steptococci 
C1  C3  D76  Dr0 
Fraction  Strain of origin  (Type-sI~c,  ific  (Type-specific  (Type and  (Type and 
[  serum)  group-reactive  serum)  group-reactive  serum)  serum) 
I* 
2t 
* Fraction 
~/Fraction 
tion 1. 
C1 
C3 
D76 
D10 
C1 
C3 
D76 
D10 
+ 
+ 
+ 
+ 
+ 
+ 
m 
+ 
= ethanol (2.5 volumes)  precipitate from cell wall  lysate. 
+ 
+ 
+ 
=  acetone (5 volumes) precipitate from cell wall lysate after removing frac- 
rhamnose in fraction 2 from strains C1 and C3 was made after further purifica- 
tion by treatment  with anionic and  cationic exchange  resins  (Dowex 2 and 
Dowex 50,  respectivelyZ). 
Some  general  characteristics  of  the  partially  purified  type-specific  sub- 
stances are listed in Table II; the results of chromatographic and quantitative 
analyses are shown in Table III. The hexosamine component contained glucos- 
amine, identified  by paper chromatography, with a  probable admixture of an 
undertermined  amount  of  muramic  acid.  These  general  characteristics  and 
chemical  analyses  of  the  type-specific substances  of  Group  D  streptococci 
strongly  suggest  that  they are  cell  wall  polysaccharides,  the  chemical  and 
structural  counterparts  of  the group  substance in Group  A  streptococci.  It 
a Dowex 2 X  8 (50 to 100 mesh) and Dowex 50 X 8 (200 to400 mesh), The Dow Chemical 
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TABLE LI 
General Ckaracteristics of Type and Group Substances of Group D Streptococci (Strain C1 and C3) 
Treatment of type and group extracts 
Heat 
100°C.  at pH 1 for 10 rain. 
100°C. at pH 1 for 20 rain. 
100°C. at pH 2 for 20 rain. 
100°C. at pH 8 for 20 rain. 
22°C. at pH 1 for 48 hrs. 
Proteolytic enzymes§ 
Crystalline trypsin 
Crystalline pepsin 
Crystalline streptococcal proteinase 
Sodium periodate (10  -8 M) 
Effect of treatment on serological  activity 
Type-specific extract 
(Fraction 2*) 
Destroyed 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
Destroyed in 4 hrs. 
Group-specific  extract 
(Fraction A~) 
Some inactivation 
Almost complete inac- 
tivation 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
Destroyed in 24 hrs. 
* See Table I 
~t Fraction A obtained by alkaline extraction of living cocci. 
§ Enzymes in a final concentration of 0.1 rag. per cc. 
TABLE HI 
Composition of the Type-Speclfic Substances of Group D Streptococci 
Partially purified  cell wall 
extracts (fraction 2) from 
strain 
C1 
C3 
D76 
D10 
Constituent monosaccharides  of cell wall carbohydrateS 
Hexosamlne* 
+  (18.4 per cent) 
+  (17.2 ....  ) 
44 
+4 
Rhanmose 
4+  (31 per cent) 
++(49  ....  ) 
+ 
+ 
Hexo~ 
(glucose) 
+¢ 
+$ 
++ 
+ 
+  to ++  indicate intensity  of spots developed in paper chromatograms. 
Figures in parentheses are determined percentages by weight of indicated monosaccharide 
in corresponding cell wall carbohydrate. 
* Glucosamine with probable admixture of muramic acid. 
Indicates identification of hexose as glucose by glucose oxidase (see Materials and Meth- 
ods). 
therefore became of interest to determine the location and nature of the group 
substance in Group D  streptococci. 
Extraction of the Group-Specific  Substance.--The  conventional methods  for S.  D.  ELLIOTT  625 
extracting streptococcal antigens yield mixtures of the type and  group-specific 
substances the resolution of which may be hard to achieve. In the experiments 
described  here  two  methods  were  used  by  which  the  group  substance  was 
extracted  relatively  free  from  the  type-specific  substance.  These  methods 
involved first,  the  extraction of living cocci at  a  pH  level between  7  and  9 
(fraction A),  followed by  shaking  the  heat-killed microorganisms with  glass 
beads in a  Mickle disintegrator (fraction B).  Two  strains of  microorganisms, 
C1, and C3, were used but the same methods have been successfully employed 
with other serological types of Group D  streptococci. 
Extraction of Group Substance by Alkali (Fraction A).--Ten litres of Todd-Hewitt broth 
containing 1 per cent of glucose were inoculated with strain C1 or C3 and incubated at room 
temperature. Room temperature rather than 37°C. was used in order to minimize autolysis 
of the cocci during incubation. When the reaction of the cultures had reached a pH level 
below 5 the cocci were harvested and washed 4 times, each in 200 cc. of saline (approximately 
pH 5). Finally, they were suspended  in 50 cc. NaOH 0.01 N and shaken for 30 minutes at 
room temperature in a low speed mechanical shaker. The final reaction of such a heavy sus- 
pension of riving streptococci under these conditions was at a pH level between 7 and 9. The 
cocci were then separated by centrifugation from the supematant fluid which was found by 
precipitin tests to contain the group-specific substance (fraction A). The extraction procedure 
was repeated 8 times after which there was a diminution in the amount of extracted group 
substance. It is noteworthy that similar treatment of Group D streptococci at pH levels below 
7 failed to release the group substance into the supernatant fluid. 
Extraction of Group Substance by Mechanical Disruption (Fraction B).--Mter extraction 
with dilute alkali, the cocci were suspended at neutrality i  n 50 cc. of water and killed by hold- 
ing at a temperature between  65 ° and 70°C. for 45 minutes.  They were then washed 3 or 4 
times in water and finally suspended  in 50 to 100 co. of water. This suspension was shaken 
with glassbeads (Ballotini No. 13) in a Mickle disintegrator. The concentration of bacterial 
cells and the duration of shaking were determined by the effectiveness of this treatment in 
converting the cocci from a Gram-positive to a Gram-negative state. The residual Gram-nega- 
tive particles consisting mainly of streptococcal cell walls were separated by high speed centrif- 
ugation from the supernatant fluid which contained the group substance (fraction B). 
Fraction A  (the  neutralized  alkaline  extract)  and  fraction  B  (the  Mickle 
supernate)  were  examined  for  the  presence  of  group  and  type-specific sub- 
stances by precipitin tests  with  appropriate antisera.  The  results are shown 
in Table IV from which it can be seen that both methods of extraction yielded 
group but no type-specific substance. 
From the results of these and many  similar experiments it was  concluded 
that part, at least, of the group substance of Group D  streptococci is located 
at the surface of the bacterial cell from which it becomes detached in an alkaline 
milieu. Rapid shaking with glass beads achieves a  similar result, although  part 
of the group substance thereby released may come from within the ruptured 
bacterial cells. 
Purification of the Group-Specific  Substance.--Before  attempting  to  charac- 
terize the group  substance  it was  obviously desirable to isolate it in a  more 626  GROUP  D  STREPTOCOCCAL  POLYSACCHARIDES 
highly purified  form.  Preliminary analyses of fraction B  (Mickle supernate) 
showed this to contain not more than 5 per cent of carbohydrate estimated as 
glucose by the anthrone method. The major part of this fraction consisted of 
TABLE IV 
Precipitation Reactions of Group Substance Extracts  (Fractions A  and B) from g Serological 
Types of Group D Streptococci 
Crude group  extracts  Antisera  prepared  with  Group D streptococci 
Precipitation  reactions 
Strain of  D76"  Cl  C3 
Fraction  origin  (group-reactive  (type-specific  (type-specific  serum)  serum)  serum) 
A (alkaline extract) 
B (Mickle supernate) 
C1 
C3 
C1 
C3 
+~ 
+~ 
+ 
+ 
* This serum also contained homologous type-specific  antibody (see Table I). 
Partially purified preparations of fraction A (see Table V) gave positive reaction with 
D76 antiserum in concentration of 0.001 mg. per ml. 
TABLE V 
Composition of Purified Group-SI~ifw Extracts (Fractious A  and B) from 2 Serological Types 
of Group D Streptococci 
Purified group-specific  extracts  Constituent monosaccharides of group- 
specific extracts 
Fraction  Strain of  Yield*  Glucose~  origin 
(alkaline extract) 
B (Mickle supernate) 
C1 
C3 
C1 
C3 
mg. 
14 
33 
15 
43 
Hexosemine  Rhamnose 
per Ctttt  per ce~ 
2.4  2.8 
1.0  1.8 
Nil  1.0 
Nil  1.4 
per c.t~tt 
37.8 
45.0 
15.4 
19.0 
* Indicates yield from streptococci harvested from 10 litres of culture. 
~: Indicates confirmation as glucose by glucose oxidase reaction. 
protein, and an attempt was made to separate this by repeated shaking with 
chloroform. This procedure, while effective in precipitating most of the protein, 
led to a  parallel loss in serological reactivity, an unexpected result in view of 
the reported  carbohydrate nature of the group substance.  The protein preci- 
pitate was therefore extracted with ethanol (95 per cent) to remove the chloro- 
form and the insoluble residue digested with crystalline trypsin. This effected S.  D.  ELLIOTT  627 
an almost complete recovery of the group-reactive material lost from fraction 
B. The serological  reactivity was retained after digestion not only by trypsin 
but  also  by pepsin  and  streptococcal proteinase  (18).  Furthermore,  it  was 
found that if fraction B was first digested by trypsin, subsequent shaking with 
chloroform,  while  removing most of the undigested  protein,  failed  to  cause 
any significant  loss in serological activity. 
The  efficacy of the  chloroform treatment  as  a  means  of purification  was 
shown  by a  tenfold  increase  in  serological  activity  (estimated  on a  weight 
basis) which followed elimination of the protein. It was therefore also used in 
purifying fraction A  (alkaline  extract)  which had first been concentrated  by 
ethanol (1.5 volumes) precipitation. There was less protein in fraction A than 
in  fraction  B  and  possibly  for  this  reason  there  was  no  apparent  loss 
in serological activity when the former was shaken with chloroform. 
Two further  procedures were used in purification of the group  substance. 
First, the "deproteinized" solutions were treated with a cationic exchange resin 
(Dowex 50),  and  secondly, they were digested with crystalline ribonuclease 
(Worthington  0.01  mg./cc.)  and  pancreatic  deoxyribonuclease (0.1  mg./cc.) 
(19).  Finally,  after dialysis,  the aqueous solutions were frozen and  dried in 
vacuo. The yields were small. As shown in Table V, the maximum was less than 
5 rag.  per litre of culture but considerable losses were undoubtedly sustained 
during  the  purification  procedures.  Nevertheless,  it  is  clear  that  Group  D 
streptococci contain far less group substance than do Group A streptococci in 
which the cell wall polysaccharide is estimated as 6 to 10 per cent of the dry 
weight of the microorganisms  (4). 
Characterization of the Group Substance.--Some  general characteristics of the 
group substance are listed in Table II. The results  of chemical  analyses are 
shown in Table V. 
Chromatographic  and  quantitative  analyses performed as described under 
Materials and Methods revealed in the partially purified group substance the 
absence or, at most, low concentrations of glucosamine  and rhamnose both of 
which  contribute  largely  to  the  composition  of  the  type-specific cell  wall 
carbohydrates. On the other hand,  both methods of analysis revealed in the 
group substance significant  amounts of a  hexose  the identity of which  with 
glucose was confirmed  by its reaction with glucose oxidase (see Materials and 
Methods). Acid hydrolysates of the group substance tested in paper chromato- 
grams reacted in varying degree with  ninhydrin.  Serological  activity of un- 
hydrolyzed material,  however, was related  directly to glucose  concentration 
and inversely to nitrogen content as indicated by the ninhydrin reaction. 
The results of these analyses strongly suggest that  the group substance of 
Group D  streptococci is  a  polysaccharide made up wholly or  in  part  from 
glucose  and  possibly of  a  dextran-like  character.  In  the  streptococcus this 
substance may be closely associated with bacterial protein from which  it is 
separable by proteolytic digestion without loss of serological activity. 628  GROUP  D  STREPTOCOCCAL  POLYSACCHARIDES 
DISCUSSION 
Lancefield  based her classification  of the hemolytic streptococci on "type" 
and  "group" substances characterized  in terms of serological  specificity.  The 
identity of the substances was given sharper definition  only when, as in Group 
A,  they could be defined  chemically and assigned  a  location in the bacterial 
cell.  A  broad  resemblance,  particularly  in  regard  to  their  glucosamine  and 
rhamnose  content,  has been recognized  in  the cell wall carbohydrates of all 
streptococci  examined  from  this  point  of view.  The  Group  D  streptococci 
conform to this general  pattern although  in this group glucose and galactose 
have been identified  as additional cell wall components (17, 20, 21). From the 
present investigation,  however, it is clear that,  unlike  Group A streptococci 
in which with rare exceptions (22)  the cell wall polysaccharide has a  single 
serological  specificity,  in  Group  D  streptococci  these  carbohydrates  have 
individual  specificities  which  characterize  serological  "types"  within  the 
group. This affords an explanation for the minor but hitherto puzzling  differ- 
ences in chemical  composition found in cell wall carbohydrates from different 
strains of Group D  streptococci (21). 
If the cell walls are serologically  dissimilar,  what then is the nature of the 
immunological  common factor, the group substance, in Group D streptococci? 
From the results of the present investigation it would seem to be a  glucose- 
containing carbohydrate, possibly dextran-like in character, located wholly or 
in part at the surface of the coccus. There are two reasons for according  it this 
superficial  location:  first,  the group  and  not  the  cell  wall polysaccharide is 
liberated  into  the  supernate  when  Group  D  cocci  are  first  suspended  in  a 
slightly alkaline medium; and second,  the group antigen is accessible  to anti- 
body which is readily absorbed from immune serum by intact cocci. Neither 
reason is conclusive nor is the possibility excluded that part of the group sub- 
stance  may  be  situated  deep  within  the  cell.  Indeed,  this  hypothesis  was 
advanced in a  recent publication  (23)  and was based on the ease and  com- 
pleteness with which  group antigen can be extracted by disrupting Group D 
cocci in a Mickle disintegrator. It was also suggested that a deep location of the 
antigen  would account for the difficulty commonly experienced in preparing 
Group D  hyperimmune serum in rabbits. This difficulty,  however, could per- 
haps be equally well  esplained  by the paucity in  amount of the antigen  in 
Group D  cocci as shown by the low yields recovered by extraction procedures 
described in this study. 
SUMMARY 
Polysaccharides extracted from cell walls of 4 serological  types of Group D 
streptococci were serologically  type-specific.  Acid hydrolysates of all 4  con- 
mined hexosamine (glucosamine), rhamnose and glucose. S.  D.F.LLIOTT  629 
A  polysaccharide  extracted  from  2  serological  types  by  either  alkaline 
treatment  or  mechanical  disruption  was  serologicaUy  group-specific.  Acid 
hydrolysates contained glucose and no other single component in comparable 
amount.  The group-specific polysaccharide, which may be  of a  dextran-llke 
nature, is probably situated wholly or in part at the surface of the streptococcus. 
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